Downregulation of epidermal growth factor receptor signaling by singlet oxygen through activation of caspase-3 and protein phosphatases.
Downregulation of survival signaling pathways contributes to the cytotoxicity of reactive oxygen species (ROS) and may underlie certain therapies for hyperproliferative diseases. We have investigated the role of singlet oxygen, an ROS formed by photosensitization, in the regulation of survival signaling via the epidermal growth factor receptor (EGFR). Exposure of human keratinocytes to singlet oxygen resulted in rapid loss of EGFR, which was not blocked by either inhibition of receptor internalization or by interrupting the major proteolytic pathways (proteasome, lysosome or calpain). However, pretreatment with a caspase-3 inhibitor, DEVD-FMK, inhibited EGFR degradation. Caspase-3 cleavage was detected as early as 5 min after singlet oxygen treatment, and recombinant active caspase-3 completely cleaved EGFR in a keratinocyte membrane fraction. The singlet oxygen-induced loss of EGFR was accompanied by dephosphorylation of EGFR as well as of Akt and extracellular signal-regulated kinase 1/2 (ERK)1/2. Singlet oxygen-induced protein dephosphorylation was not dependent on activation of caspase-3. In contrast, inhibition of protein phosphatases (PPs) with okadaic acid completely blocked dephosphorylation of EGFR, ERK1/2 and Akt as well as degradation of EGFR. These results indicate that the oxidative stress produced by singlet oxygen rapidly disrupts EGFR-mediated signaling by decreasing both the protein level and its phosphorylation. These responses depended on intertwined activation of caspase-3 and PPs.